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Edited by Ulrike KutayAbstract We have analyzed the highly conserved N-terminus of
Hansenula polymorpha Pex14p for its function in peroxisomal
matrix protein import. The region comprising aa 10–54 of
HpPex14p is predicted to contain three a-helices. Its a-helical
structure was conﬁrmed by CD analysis of a synthetic peptide,
corresponding to residues 8–58. Deletion of aa 1–21 of
HpPex14p, but not of aa 1–9, completely abolished PTS1 and
PTS2 matrix protein import. An extensive mutational analysis
of the ﬁrst a-helix (aa 10–21) demonstrated that its secondary
structure, as well as residues Phe20 and Leu21, are essential
for PTS1 and PTS2 matrix protein import.
 2007 Federation of European Biochemical Societies. Pub-
lished by Elsevier B.V. All rights reserved.
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Peroxisomal matrix protein import requires the function of
various peroxins. These include soluble receptor proteins
(Pex5p and Pex7p) and two protein complexes in the peroxi-
some membrane, namely the docking complex (Pex13p,
Pex14p, Pex17p) and the RING ﬁnger complex (Pex2p,
Pex10p, Pex12p). These two complexes are thought to form
the peroxisomal importomer [1].
Pex14p, together with Pex13p, is regarded to be a key com-
ponent of the receptor docking site. Pex14p has been identiﬁed
and characterized in a variety of organisms, including lower
and higher eukaryotes [2]. Pex5p is the receptor for the Perox-
isomal Targeting Signal 1 (PTS1), which is a C-terminal tripep-
tide that is present in most peroxisomal matrix proteins. Pex7p
speciﬁcally recognizes the PTS2, a degenerated nonapeptide
present at the N-terminus of few matrix proteins. Pex5p and
Pex7p shuttle in and out of peroxisomes, but are predomi-
nantly cytosolic in stationary cells [3]. A third component of
the docking site is Pex17p, a membrane-bound peroxin that
interacts with Pex14p, but not with Pex13p or the receptor pro-
teins. Pex17p can only be identiﬁed in yeast species [4] and its
function is still unresolved.*Corresponding author. Fax: +31 50 3638280.
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doi:10.1016/j.febslet.2007.11.012Pex14p contains three conserved structural elements [2]. (i)
Within the ﬁrst 80 N-terminal residues, a conserved core re-
gion of approximately 50 amino acids exists. In Saccharomyces
cerevisiae this region is involved in Pex5p binding. In mamma-
lian Pex14p, also Pex13p and Pex19p interact with this N-ter-
minal domain. The association of Pex19p with the N-terminus
of HsPex14p has been suggested to play a role in modulating
the association of Pex5p with the docking site [5,6]. (ii) A cen-
tral coiled-coil region in Pex14p may play a role in dimeriza-
tion. Between the extreme N-terminus and the coiled coil
domain a hydrophobic region is located, which might repre-
sent a possible membrane spanning domain. (iii) The C-termi-
nal half of Pex14p lacks conserved domains and its function is
still highly speculative. In S. cerevisiae, a second Pex5p binding
domain together with a Pex7p binding region, have been iden-
tiﬁed in this C-terminal region [2]. This was however not con-
ﬁrmed in other organisms.
Several mutagenesis studies and analyses of protein–protein
interactions have been carried out to determine the role of
the conserved core region in the N-terminus of Pex14p of
various organisms [5–9]. However, translation of all data into
a general model for the function of the Pex14p N-terminus in
matrix protein import is still diﬃcult. This is among others
due to the fact that many mutations have only been analyzed
for their eﬀects on speciﬁc protein–protein interactions, but
not for their functional role in vivo. Moreover, conﬂicting
data from in vitro binding studies have been presented (e.g.
the role of residues F35 and L36 in HsPex14p in binding
of HsPex5p [5,6]). Studies in mammals have the additional
disadvantage that mutations in the N-terminal region of
Pex14p may cause mislocalization of the protein to mitochon-
dria, which severely hampers the interpretation of in vivo
data [5,6].
We analyzed the N-terminus of Hansenula polymorpha
Pex14p (HpPex14p) and focussed on its functional role in
PTS1 and PTS2 protein import in vivo as well as on the
structural properties of this domain. H. polymorpha PEX14
has been shown to be involved in both PTS1 and PTS2 pro-
tein import [10]. Previous studies have revealed that in H.
polymorpha the N-terminus of Pex14p is not essential for
the proper localization of the protein to the peroxisomal
membrane [11].
We now show that the conserved N-terminal domain is lar-
gely alpha helical. In addition we demonstrate that in the ﬁrst
short alpha helix (12 residues long) only two residues are
important for PTS1 and PTS2 protein import.blished by Elsevier B.V. All rights reserved.
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2.1. Micro-organisms and growth conditions
The H. polymorpha strains used in this study are listed in Table 1.
Cells were grown at 37 C on mineral medium (MM, [13]) or yeast
nitrogen base (YNB) using as carbon source 0.5% glucose, 0.5% meth-
anol, 0.5% glycerol or 0.05% glycerol + 0.5% methanol. 0.25% ammo-
nium sulfate or 0.25% methylamine were used as nitrogen sources. For
cloning purposes, Escherichia coli DH5a (Gibco-Brl, Gaithesburg,
MD) was used.
To test growth of H. polymorpha cells on methanol, yeast colonies
from fresh YNB-glucose plates were resuspended in sterile milli-Q
water and diluted to OD660 = 5.0. 10-fold, 100-fold and 1000-fold dilu-
tions were prepared and 4 ll of each dilution was spotted onto YNB-
methanol plates and incubated for 3 days at 37 C.
2.2. Miscellaneous DNA techniques
The plasmids and oligonucleotide primers used in this study are
listed in Tables 2 and 3, respectively. All DNAmanipulations were car-
ried out according to standard techniques. H. polymorpha cells were
transformed by electroporation [14]. DNA modifying enzymes were
used as recommended by the supplier (Roche, Almere, and The Neth-
erlands). Pwo polymerase was used for preparative polymerase chain
reactions (PCR). For DNA sequence analysis, the Clone Manager 5
program (Scientiﬁc and Educational Software, Durham, USA) was
used. Sequence alignments were made using ClustalX software [15]
in combination with Genedoc (available at http://www.psc.edu/
biomed/genedoc). The JPRED program (see http://www.compbio.
dundee.ac.uk/~www-jpred/submit.html) was used to analyze the align-
ment shown in Fig. 1 for the presence of a-helices [16].
2.3. Construction of strains
Detailed information on the construction of the pex14 strain and
strains that contain GFP.SKL or the ﬁrst 50 amino acids of bakers
yeast thiolase fused to GFP (ThioN50-GFP) is available on request.Table 1
Strains used in this study
Strains Genotype and characteristics
WT NCYC495 leu1.1
WT NCYC495 leu1.1. ura3
pex14::pHIPX10-PEX14-DC58 pex14 with plasmid containing PEX14
pex14 pex14::HpURA3 leu1.1
pex14::PAOXGFP.SKL pex14 with single-copy integration of p
pex14::PAMOPTS2.GFP pex14 with single-copy integration of p
Table 2
Plasmids used in this study
Plasmid name Characteristics
pBSK-PER10 pBluescript SK+ containing the PEX14 gen
pANL29 Plasmid containing PAOX driven GFP.SKL
pHIPX5- ThioN50-GFP Plasmid containing PAMO driven PTS2.GFP
pHIPZ5-ThioN50-GFP Plasmid containing PAMO driven PTS2.GFP
pHIPX10-PEX14 E. coli/H. polymorpha shuttle plasmid conta
pHIPX10-PEX14-R10E pHIPX10-PEX14, with PEX14 Arg10Glu m
pHIPX10-PEX14-E12L pHIPX10-PEX14, with PEX14 Glu12Leu m
pHIPX10-PEX14-L13D pHIPX10-PEX14, with PEX14 Leu13Asp m
pHIPX10-PEX14-V14E pHIPX10-PEX14, with PEX14 Val14Glu m
pHIPX10-PEX14-S15V pHIPX10-PEX14, with PEX14 Ser15Val m
pHIPX10-PEX14-S16V pHIPX10-PEX14,with PEX14 Ser16Val mu
pHIPX10-PEX14-A17P pHIPX10-PEX14, with PEX14 Ala17Pro m
pHIPX10-PEX14-V18E pHIPX10-PEX14, with PEX14 Val18Glu m
pHIPX10-PEX14-E19L pHIPX10-PEX14, with PEX14 Glu19Leu m
pHIPX10-PEX14-F20S pHIPX10-PEX14, with PEX14 Phe20Ser m
pHIPX10-PEX14-L21D pHIPX10-PEX14, with PEX14 Leu21Asp m
pHIPX10-PEX14-DN9 pHIPX10-PEX14, with PEX14 lacking the
pHIPX10-PEX14-DN21 pHIPX10-PEX14, with PEX14 lacking the
pHIPX10-PEX14-DC58 pHIPX10-PEX14, with PEX14 lacking thePoint mutations in PEX14 were made by two-step-PCR. First, a
DNA fragment was obtained by PCR with a mutagenesis primer
and primer PEX14-deltaC108 using plasmid pBSK-PER10 as tem-
plate. The resulting PCR product was isolated and used as primer in
combination with the M13/pUC reverse sequencing primer in a second
PCR again using pBSK-PER10 as template. The resulting PCR prod-
uct was digested with BamHI and NcoI and cloned in BamHI + NcoI-
digested pHIPX10-PEX14. The presence of the mutation was con-
ﬁrmed by sequencing.2.4. Biochemical methods
Crude cell extracts of TCA precipitated cells were prepared as de-
scribed [19]. SDS–PAGE and Western blotting were performed by
established procedures. Blots were probed with polyclonal antibodies
against HpPex14p [10].2.5. Microscopy
Fluorescence microscopy studies were performed as described [19].
Intact cells were prepared for electron microscopy and immunocyto-
chemistry as described previously [20].2.6. Circular dichroism analysis
A synthetic peptide corresponding to amino acids 8–58 of H.
polymorpha Pex14p: C-TSRAELVSSAVEFLLDQSIADSPLAKKVE-
FLESKGLTQQEIEEALQKARTG-CO-HN2 was obtained from
Pepscan Systems (Lelystad, The Netherlands). The peptide was dis-
solved to a concentration of 40 lM in 10 mM potassium phosphate
buﬀer, pH 6.5. Circular dichroism spectra were recorded from 190 to
250 nm on an Aviv 62A DS CD spectrometer, using a 1 mm quartz
cuvette. The sample compartment was ﬂushed with nitrogen gas and
the temperature was kept constant at 25 C, unless indicated otherwise.
Six scans were averaged, using a bandwidth of 1 nm, a stepsize of 1 nm
and 3 s averaging per point. The spectra were corrected using a refer-
ence solution without the protein.References
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Table 3
Primers used in this study
Primer name Primer sequence
PEX14-P1 50 GAGCATCGCAGAAATCGACATCTG 30
PEX14-P2-U1 50 GCGTTGCTGAACATCAGTTGAAGCTCGGTGAGGAAGAAAAAGAGACAAC 3 0
PEX14-T1-U2 50 GAAGAAGCGACGCCGATCCAGTTGATCCTAAACCATCCTTCTACCGTACC 30
PEX14-T2 50 CAACAGACCAAGACACGCTCCAC 3 0
PEX14-R10E 50 GCAACGACCAGCGAAGCAGAGCTCGTATCC AGCGCA 3 0
PEX14-E12L 50 GACCAGCCGTGCACTGCTGGTATCCAGC 30
PEX14-L13D 50 AGCCGTGCAGAGGACGTCTCCAGCGCAGTT 3 0
PEX14-V14E 50 CGTGCAGAGCTGGAGTCCAGCGCAGTT 3 0
PEX14-S15V 50 GCAGAGCTGGTAGTCAGCGCAGTTGAG 3 0
PEX14-S16V 50 GAGCTGGTATCCGTCGCAGTTGAGTTTC 30
PEX14-A17P 50 CTGGTATCCAGCCCGGTTGAGTTTCTTTTG 3 0
PEX14-V18E 50 GTATCCAGCGCAGAGGAGTTTCTTTTG 3 0
PEX14-E19L 50 TCCAGCGCAGTTCTGTTTCTTTTGGAC 3 0
PEX14-F20S 50 CAGCGCAGTTGAAAGCTTGTTGGACCAGAGC 30
PEX14-L21D 50 GCAGTTGAGTTTGACTTGGACCAGAGC 3 0
PEX14-DN9 50 CACAGGATCCATGCG TGCAGAGCTGGTATCCAG 3 0
PEX14-DN21 50 CACAGGATCCATGTTGGACCAGAGCATTGCGGAC 30
PEX14-delta-C108 50 AAGCTTTTAAGCCACGGCGATGCCAGAGG 3 0
M13/pUC reverse 50 CAGGAAACAGCTATGAC 3 0
Mutant codons are underlined.
Fig. 1. Sequence alignment of the N-termini of various Pex14 proteins, using the Clustal_X and GeneDoc programs. Gaps were introduced to
maximize the similarity. Abbreviations of species and accession numbers are, Hp: Hansenula polymorpha (GenBank Accession No: AAB40596); Pp:
Pichia pastoris (GenBank Accession No: AAG28574); An: Aspergillus nidulans (GenBank Accession No: EAA61046); Nc: Neurospora crassa
(GenBank Accession No: EAA28304); Sc: Saccharomyces cerevisiae (GenBank Accession No: AAS56829); Schizosaccharomyces pombe (GenBank
Accession No: CAA18656); Ce: Caenorhabditis elegans GenBank Accession No: (CAB03225); Hs: Homo sapiens (GenBank Accession No:
CAI19198); Dm: Drosophila melanogaster (GenBank Accession No: NP_649253). Residues that are similar in all proteins are shaded black. Similar
residues in at least seven of the proteins are shaded dark grey while those that are similar in at least ﬁve of the proteins are shaded light grey. The
putative alpha helices identiﬁed, using the JPRED program, are indicated below the alignment. Amino acid substitutions introduced in the ﬁrst
predicted alpha helix are indicated above the alignment.
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3.1. Secondary structure of the N-terminal domain of
H. polymorpha Pex14p
To determine conserved residues in the extreme N-terminus
of HpPex14p, we aligned the ﬁrst 58 residues with the corre-
sponding regions in Pex14p from various other organisms,
The alignment (Fig.1) indicates that especially residues 10–55
of HpPex14p are highly conserved. This region of 46 residues
starts with RxxL/M in all species analyzed. Another highly
conserved feature is the presence of two FL/I dipeptides. As
evident from Fig. 1, additional highly conserved residues occur
as well. Using the JPRED program [16], three short alpha heli-
ces (12, 9 and 10 residues long, respectively) are predicted
(Fig. 1). Between helices 1 and 2 one or two prolines are gen-
erally present that are absent between the helices 2 and 3.To determine whether the N-terminus of HpPex14p indeed
is largely alpha helical, we analyzed a synthetic peptide corre-
sponding to residues 8–58 of HpPex14p by circular dichroism
(Fig. 2). The maximum at 190 nm and the two minima at 208
and 222 nm are indicators of a predominantly a-helical sec-
ondary structure. The spectrum closely resembles that of the
N-terminal domain (residues 1–51) of the lac repressor [21],
which contains three a-helices. A temperature scan revealed
that at 90 C more than 50% of the 220 nm circular dichroism
was still present, indicating a remarkably stable a-helical fold.
3.2. The ﬁrst N-terminal alpha helix in HpPex14p is important
for PTS1 protein import
We previously showed that two N-terminally truncated
HpPex14p variants, namely DN31 and DN64, could not re-
store the PTS1 protein import defect of H. polymorpha pex14
Fig. 2. Circular dichroism spectrum of a synthetic peptide comprised
of amino acids 8–58 of HpPex14p is shown. The maximum at 190 nm
and the two minima at 208 and 222 nm point towards a predominantly
a-helical structure.
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deletions also aﬀected PTS1 protein import, we constructed
two additional truncated genes encoding HpPex14p variants
lacking either the ﬁrst 9 N-terminal non-conserved residues
(DN9) or lacking the ﬁrst 21 residues (DN21, which includes
the ﬁrst predicted alpha helix). pex14 cells, expressing these
truncated PEX14 genes were analyzed for growth on methanol
as carbon and energy source, which requires the proper
peroxisomal localization of the PTS1 proteins alcohol oxidase,
dihydroxyacetone synthase and catalase [10]. Cultivation
experiments revealed that DN9, but not DN21 cells, were still
capable to grow on methanol (Fig. 3A). Fluorescence micro-
scopy analysis of strains producing GFP.SKL conﬁrmed that
PTS1 protein import was prohibited in DN21, but not in
DN9 cells (Fig. 3C). The PTS1 protein import defect in
DN21 cells was not related to highly reduced steady state
HpPex14p levels as shown by Western blot analysis using a-
HpPex14p antibodies (Fig. 3B).
To establish the importance of the ﬁrst alpha helix in
HpPex14p, we introduced a proline in this region (substitution
of Ala17 into Pro, PEX14A17P). Western blotting showed that
the mutant protein was normally produced (Fig. 3A), but
unable to restore the PTS1 import defect (Fig. 3C) and the
methanol growth defect of pex14 cells (Fig. 3A). Electron
microscopy conﬁrmed that only very small peroxisomal struc-
tures were observed in these cells (Fig. 3D) when compared to
peroxisomes in WT H. polymorpha cells [19], but similar as ob-
served in pex14 cells (Fig. 3D).
3.3. Mutational analysis of the ﬁrst alpha helix of HpPex14p
To analyze whether predominantly the structure or also spe-
ciﬁc conserved residues were important for the function of
HpPex14p in PTS1 protein import, we performed an extensive
mutational analysis of all residues present in the ﬁrst predicted
alpha helix (residues 10–21). Amino acid substitutions were
chosen such that the changes do not disturb the alpha helical
structure of this domain (Fig. 1), while the characteristics ofthe side chains are changed dramatically. As shown in
Fig. 4A, only mutations Phe20Ser and Leu21Asp completely
inhibited methanol growth, indicative for a severe PTS1 pro-
tein import defect. This import defect was also evident from
ﬂuorescence microscopy. In most mutants GFP.SKL is local-
ized to distinct spots (Fig. 4C; shown for mutants S15V and
E19L), indicating that the protein is properly sorted to peroxi-
somes. However, in strains producing Pex14pF20S or
Pex14pL21D, GFP ﬂuorescence was observed throughout the
cytosol (Fig. 4C). Western blotting revealed that the import
defect was not due to the absence of mutant Pex14p proteins
(Fig. 4B). Comparable peroxisome structures as in Pex14pA17P
were observed in Pex14pF20S and Pex14pL21D by electron
microscopy (Fig. 4D).3.4. PTS2 protein import
We also analyzed the role of the N-terminal domain of
Pex14p in PTS2 protein import. An expression cassette for
the production of GFP containing a PTS2 (PTS2.GFP[18])
was introduced into the various constructed mutant strains.
As shown in Fig. 5 deletion of the ﬁrst 9 N-terminal residues
of Pex14p did not aﬀect import of PTS2.GFP into peroxi-
somes. However, like import of GFP.SKL, import of
PTS2.GFP was abolished upon deletion of the ﬁrst 21 N-ter-
minal residues. Remarkably, the point mutations defective in
PTS1 import (A17P, F20S or L21D) also displayed a defect
in PTS2.GFP import (Fig. 5).
We previously showed that the last C-terminal 58 residues of
HpPex14p are redundant for PTS1 protein import [11]. Immu-
nocytochemical staining using antibodies against the PTS2
protein amine oxidase (AMO) revealed that also PTS2 protein
import is normal in a strain producing this C-terminal trun-
cated version of Pex14p (PEX14DC58 cells; Fig. 6).4. Discussion
We have performed a structural and mutational analysis of a
highly conserved 46 amino acid region at the N-terminus of H.
polymorpha Pex14p. Circular dichroism analysis of this region
indicated that it has an alpha helical structure, which is in
agreement with the secondary structure prediction based on
the JPRED program. The latter program predicted three short
alpha helices of 9–12 residues.
Deletion of the extreme 9 N-terminal residues from
HpPex14p, which precede the conserved region, had no eﬀect
on PTS1 matrix protein import. However, when in addition
the ﬁrst predicted alpha helix in the conserved region was de-
leted (DN21), a block in PTS1 import was observed. The same
phenotype was obtained upon introduction of a helix-breaking
proline residue in the middle of the ﬁrst predicted alpha helix
(A17P), suggesting that the secondary structure indeed is
important for the function of this domain.
A detailed mutational analysis of all 10 conserved residues in
the ﬁrst predicted alpha helix revealed that solely the two res-
idues of the conserved PheLeu dipeptide (Phe20 or Leu21)
were essential for PTS1 protein import. Hence, these two res-
idues are essential for the proper functioning of HpPex14p in
PTS1 protein import in vivo. Data obtained with Pex5p from
several species indicated that this protein interacts with the
conserved N-terminal domain of Pex14p [2]. WxxxY/F motifs
Fig. 3. (A) Growth of WT, pex14, PEX14DN9, PEX14DN21 and PEX14A17P cells on methanol. Spots were placed on YNB-methanol plates. (B)
Western blot of same strains decorated with a-HpPex14p antibodies. Equal amounts of protein were loaded per lane. (C) Fluorescence microscopy of
GFP.SKL localization in WT, pex14, PEX14DN9, PEX14DN21 and PEX14A17P cells, induced on methanol. (D) Electron micrographs of pex14 and
PEX14A17P cells, grown on glycerol/methanol. Peroxisomes remnants are shown. Key: P, peroxisome; N, nucleus; M, mitochondria; V, vacuole. The
bar represents 0.5 lm.
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important for this interaction. In S. cerevisiae Pex5p however
not this pentapeptide motif, but instead an inverted FxxxW
motif is important for association with Pex14p [22]. All these
pentapeptide motifs are parts of amphipathic helices in which
the most critical aromatic residues are positioned at one side of
the helix providing a hydrophobic anchor for Pex14p. Also
HpPex5p has two WxxxY/F motifs as well as a conservedFxxxW motif. This might suggest that the FL dipeptide in
the N-terminus of HpPex14p could provide a binding site for
an aromatic residue of one of the pentapeptides present in
HpPex5p. However, mutations in the ﬁrst FL dipeptide of
HsPex14p gave varying results with respect to Pex5p binding
in vitro [5,6]. An HsPex14p variant containing the mutation
F35S did not abolish interaction with Pex5p, whereas Pex5p
binding was enhanced for mutant L36R [5]. On the other hand
Fig. 4. (A) Spot assay of point mutants PEX14R10E, PEX14E12L, PEX14L13D, PEX14V14E, PEX14S15V, PEX14S16V, PEX14V18E, PEX14E19L,
PEX14F20S, PEX14L21D on YNB-methanol plates. WT H. polymorpha was used as a control. (B) Western blot of the same strains decorated with a-
HpPex14p antibodies. Equal amounts of protein were loaded per lane. (C) Fluorescence microscopy of GFP.SKL produced in the strains indicated
above. (D) Electron micrographs to show peroxisomal structures in PEX14F20S and PEX14L21D cells. Cells were grown on methanol or glycerol/
methanol. Key: P, peroxisome; N, nucleus; M, mitochondria; V, vacuole. The bar represents 0.5 lm.
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ing. What the eﬀect of these mutations is on the function of
HsPex14p in vivo is diﬃcult to study, because these mutant
HsPex14 proteins mislocalize to mitochondria [5,6].
In yeast, mutations or deletions at the N-terminus of
Pex14p generally do not aﬀect the localization of the protein.
In S. cerevisiae deletion of the N-terminal 58 residues did not
aﬀect proper sorting [23]. Similarly the N-terminal deletions
DN31 and DN64 in H. polymorpha Pex14p did not aﬀect
the localization of HpPex14p [11]. Also, ﬂuorescence micros-
copy analysis of WT H. polymorpha cells producing
HpPex14pF20S-GFP revealed that this protein is correctlysorting to peroxisomes (our unpublished data). This indicates
that the conserved N-terminal domain of HpPex14p is indeed
directly involved in matrix protein import, most likely in the
transient association of Pex5p to the docking site during
PTS1 protein import.
S. cerevisiae Pex14p contains a second Pex5p binding site in
the C-terminal half of the protein, which overlaps with the sole
Pex7p binding region [23,24]. These Pex5p and Pex7p binding
domains have not been identiﬁed in the C-terminal region of
Pex14p of other species. In HpPex14p this second Pex5p bind-
ing site and Pex7p binding site are most likely also absent or
redundant, because C-terminal deletions (up to 58 residues)
Fig. 5. Fluorescence microscopy, showing the location of PTS2.GFP in WT, pex14, PEX14DN9, PEX14DN21, PEX14A17P, PEX14F20S and PEX14L21D
cells. Cells were grown on glucose/methylamine.
Fig. 6. Immunocytochemical localization of AMO in cells producing
C-terminally truncated form of HpPex14p (PEX14DC58). Cells were
grown on methanol/methylamine to induce peroxisome proliferation
and the synthesis of AMO. The labelling is present on peroxisomal
proﬁles. Key: P, peroxisome; M, mitochondria. The bar represents
0.5 lm.
B. de Vries et al. / FEBS Letters 581 (2007) 5627–5634 5633in HpPex14p had no eﬀect on PTS1 [11] or PTS2 (Fig. 6, this
study) matrix protein import.
Our current data indicate that the conserved N-terminal re-
gion in HpPex14p is important for both PTS1 and PTS2 pro-
tein import and that the same mutations that aﬀect PTS1
import also block import of PTS2 proteins. This lends support
to the view that HpPex7p indirectly associates to the N-termi-
nus of HpPex14p via HpPex20p. The N-terminal half of Pex5p
and Pex20p (or Pex18p and Pex21p in S. cerevisiae) have se-
quence and functional similarities [22,25]. Moreover,
HpPex20p contains two WxxxY/F motifs [18]. Hence, it is pos-
sible that both Pex5p and Pex20p functionally associate to the
same domain in Pex14p. As the PTS2 receptor Pex7p interacts
with a conserved Pex7p binding box in Pex20p, Pex7p might
then indirectly associate to Pex14p via Pex20p [3]. Alterna-
tively, HpPex7p may also directly bind to the Pex14p N-termi-
nus.
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